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Modeling System Version
Overview:

FRAMES and 3SMRA




Definition and Relationship between

FRAMES

3MRA

FRAMES and 3MRA

Framework for Risk Analysisin Multimedia
Environmental Systems

Underlying software infrastructure for SMRA and
other models and modeling systems

Multimedia, M ultipathway, M ultireceptor, Risk
Assessment

A specific set of models for conducting site-specific
or sSite-based risk assessments, and “rolled-up”
studies on regional and national scales.



Conceptual Relationship Between Framework Technology,
Models and Modeling System, and Applications

Other Module
Set Collection
(e.g.for TMDL)

Example SMRA
Application

SiteBased
(e.9. Legacy) 3M RA Modeling Database

Other Model

System Regional
(Site-Based Risk Assessment) Database

Database 17 Science National
Database M odules Database




FRAMES3MRA Versions

SMRA Verson 1.0: National site-based risk assessments

SMRA Version 1.x: A tool set extension to facilitate:
(1) Paralel processing of 3SMRA model runs
(2) Uncertainty and sensitivity analyses studies

SMRA Version 2.0 Beta: Same science and data with an extension
to facilitate site-specific risk assessments.
Significantly advances the design of the
underlying FRAMES infrastructure.

FRAMES 2.0 joint, multi-agency devel opment



SMRA Verson 1.0

M ultimedia, M ultipathway, M ultireceptor,
Risk Assessment

...A screening-level, site-based modeling approach for national-
scale assessment of land-based hazardous waste disposal .



Conceptual Framework For Human Receptors

Awr L lyrag ExpoSUre?



Conceptual Framework For Ecological Receptors

ralive Margyn Hﬂb;f
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Overview of SMRA National Study

Sour ce Types (WM USs)

«Surface Impoundment
«Aerated Tank

L andfill

‘Waste Pile

L_and Application Unit

r

\-

Problem Statement
Conceptual Model
Modeling System
| nput Data

Sampling-Based Simulation

Output Data

“Exit Level” Post-Processing
*Variability, Uncertainty and Sensitivity
«Cancer (risk probability)
*Noncancer (hazard quotient)
Population weighted risk distribution
*Multiple protection measures




3MRA Science Modules and Connectivity
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17 science-based models

> |
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SMRA Modéd Input Variables (966)

ArratemGrous ANEALD -

DictCode aaf -

Mumber of Ingputs

MM odGroug Dictionary Descriptiors » |Total

af auatic foodweh 21
A saturated zone 14
at ait 23
at AT 24
of chemical properties 142
BE B COEXE0 S 14
Bt ecotisk
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he human exposure 105
bt hunat risk ¥
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If LF 44
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aur aurface water 24
tf terrestrial foodwreb 31
VE vadoze Zohe 3
Wi W a0
wa watershed 23
Gratud Total 221

Broken down by
20 Iconic Input
dictionaries

Each input - up to
3 dimensions...



3SMRA Model Output Variables (372)

ArratemGroup ShIEA L0 - |

Dictode arf - |

Mumhber of Inputs

M odCroupn » |Dictionaty Descriptionn | Total
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he humat exposure T
hr hamaty risk 30
z] site layout 4
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Each output
uptos
dimensions...

These are
further post-
processed
INto more
useful risk
endpoints....




SMRA
National Assessment
Strategy

... screening-level, site-based modeling approach for
national-scal e assessment of land-based hazardous
waste disposal .




National-Scale Problem Statement

At what waste stream concentration (C,,) will wastes,
when placed in a non-hazar dous waste management
unit over the unit’slife, result in:

1. (Human) Greater than A% of the people living within B
distance of the facility with arisk/hazard of C or less, and

2. (Ecological) Greater than D% of the habitats within E
distance of the facility with an ecological hazard lessthan F,

3. (National) At G% of facilities nationwide,

4. (Uncertainty) With confidence H% accounting for
subjective input uncertainty, and confidence | % accounting
for output sampling error.

C ° exit leve

Wexit



Monte Carlo SSimulations Needed for
3M RA National Assessment

| ndividual SMRA Modeling System Simulations Needed

Deterministic
Model Runs

r

Source (WMU) Types (5)

Site (201)

Waste Level (5)

Chemical (43)

M C lterations (1000)

\

> UA/SA

Total SSimulations

90,000,000*
2,000,000 */chemical

One national iteration for 1 chemical, 1 WMU = 2095 model runs
(I.e, for exit levels: 5 C,, * 419 site-WMUs = one output sample)



Wastestream (C,,) Exit Levels Possiblein 3SM RA

Human Roll-ups Ecological Roll-ups
Ring Distances (3) A Ring and Habitat Group (9)
Distances (3)
i - Ring and Habitat Type (36)
Pathways (13) Roll-up Options (6)
) Ring and Receptor Group (27
Receptor Type (5) Habitat Group (3) J ® P (27)
> Ring and Trophic Level (15)
Cohort (4) Habitat Type (12)
Habitat and Rec. Groups (27)
Cancer Risk Bins(7)
Receptor Group (9) Hab. Grp. and Trop. Lev. (15)
Hazard Risk Bins (4) :
TrophicLevel (5) | ) Hazard Risk Bins (5)
Subtotal (21,840) Subtotal (645)
Population % (10) Chemical (43) g
Total (22,485) | X X <10
Risk Measures (2) Source Type (5)




|mportance of the “ Exit Level” Processors......
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Problem Statement Revisited

In determining a single exit level waste stream

concentration (C,,_..):

Output Profile Scenario Description

a. Chemica
b. Source Type (i.e., WMU)

c. 9-tuple Risk Profile:
A% human pop. D% ecol. pop. G% gites
B distance E ring distance H% uncertainty
Crisk level Frisk level 1% precision



Example SAMRA EXxit Level Calculation for Benzene

100

95

90

% Sites Protected

85

80

==@==500% Probability H  ------ 98% Conf. Level
e 05% Probability H

Protection Measure

__________
_____

~
~
~ .o

Exit Level \

v

95% site protection
99% population protection

Variability

7
J OSE

1 within 2000m radial distance. Empirical
‘ Input
95% Probability H represents the ~ % uncertainty
1 CDF of variability in this N
percentile of probability .
0.1 1 10 100 1000

Waste Stream Concentration (ug/g)



Summary of Dimensionality for
National-Scale Problem Statement

o #Module/Processor |nputs =966 per model run (<3D)

o #Module/Processor Outputs= 372 per model run (<5D)

« Mode runsneeded for probabilistic national risk
assessment per chemical (i.e., UAp): ~ 2,000,000

* Post-processed exit levels (C,,) possiblefor a 3SMRA
national assessment: ~ 108 accounting for:

« Multipledecision variablesin risk context
 Population and subpopulation analysis
o 43* chemicals, 5 waste management unit types



3MRA Modeling System Runtimes

Breakdown of Average MM SP Runtime By Science Module

source
1.4%  VZ aq

27.7%
66% of aw
runtime: 231
sw, he, hr

he tf 0.4%

15.8% ff 650
5.2%

Osource @vz Oag Oar Bws Osw Waf Otf Bff BheOhr Oee Mer

Average individual site scenario run ~ 2 min.



3MRA (1.0) Total MM SP Runtimes

o

| O-TO-9VLT

| e-0.€5

| 82505

| L-T8-LT1

€-89-/8

| G-08-/8

== Maximum

B StdDev

| 9-99-0vp2
| 0-20-0vbL
| e-65-0vpL
[ 2-88-0vvL
[ 7-€8-59091
[ 6-cv-OvbL
| /-06-80T

| 6-62-0158T
| -2z-0vbL
[ €529

[ 2-60G.

| v-8T-221

[ 0-sT52

[ £-99-/9

[ 0-95-0vtL
[ e-56-82

[ evzs

[ - TY-OvbL
[ 91062

| z-29-0vbL
| 1-€1-201

[ 1-6/-€8.L
kx>a

[ #1062

| 95512

[ 1-G146

[ £-56-86

[ 1-98-0TT

| 2-56-80T

| v-€6-90T

I Average MM SP Runtime (sec)

| £-88-80T

9-¢9-08

| 8-60G/

| 8-9¢-L€T

| T-26-66vL
[ 9-26-6EVL
9-8T-9/.

o

)
ABapis ‘day
(Soes) awnuny dSININ

100

T T
o o
o o
< N

600
500

(@)

CASID



3SMRA Run Timefor National-
Scale Problem Statement

. All chemicals. average model run time ~2 minutes

. On SuperMUSE: ~ 2 days per 100 national realizations
of model runs needed for probabilistic national risk
assessment per chemical (i.e., UA)

. Single PC: ~ 10 months per chemical per 100 realizations
. Single PC: ~ 8 years per chemical per 1000 realizations

. Single PC: ~ 344 years, 43 chemicals, 1000 realizations



Super M USE:

Supercomputer for

Model Uncertainty and
Sengitivity Evaluation

... 180-client nodes,
215 GHz, PC-Based - Windows and Linux both supported



Program Master Console Su per M U SE

Supercomputer for Model Uncertainty
& Sendgitivity Evaluation

Model Tasker(s)

CPU Allocator

e o Major Components.

E E E E E e Front-end program server,
e Back-end data server,
E E E E E e Currently 180 client PCs

——— T - | « 16-port Raritan KVM switches,
EEEEE - 24-port Linksys (10/100) switches
» Master CISCO 3550-24/2 switch.

Tasker Client software runs on each PC client
Uses stand-alone version of model software

iz * Network protocol TCP/IP.
: g e GigE channel (1000 megabits/sec)
i data flow to and from servers.

Data Server; Data Analysis

s g Windows & Linux OS supported

Software Hardware




SuperMUSE Parallel Computing Cluster at

ORD/NERL/ERD, Athens, Georgia
—— e g T

Benn



Model Tasker (MT)
Model dependent CPU Allocator

=il Model independent

Tasks |{Tasks [ Failed Machines |

Machine | Cormand | Assigned | Completed [ Time(s) [ Error | . A CPU Allocator Ol x
0212 |ParsUITestivz . |Tue Jun 101122 [lncomplete |0 [No Reg|ster =4 : =10 x|
0604 |ParSUMesty2... [Tue Jun 10 11:22.... [Incomplete |0 |Ma Machine Name: 0101prog
0109 |ParsUITest2... |Tue .Jun1D11 22:... _Incomplete |0 Mo = e e B e e o
D514 ParSUITestiv2.. TueJun1011:22.. Incamplete |0 [No Jobs in system | Machines ResetiOff wo Response |
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0510 |ParSUMestiv2... Tue Jun 10 11:22:... [Incornplete |0 o Lz E=l i SEENER]S
01a7 ParsUlTestiv2. [TueJun1011:22. [Incomplete [0 Mo v 0101 prog [ParsiiTest [100.0
UnaSS|gned ParSUITestWQ... Unassigned Incomplete _D. Mo

Reset || Remove

=~ T rr— : | RestartClients || TumOffClients |
Average Time 160.049T76ET26021 Queued Runs 251

3. Requests job 1. Announces

4. Dojob X; 6. Says Done availability.
asingletask line I et —[oi x|
inthe MT. N '

wirfunfll . kat

: ..” v ¥ E “wrmanenth TertlYYE00EHED EHLZHL0 ST 015110 2. |f no MT active’
. B S thenidles
5. Report job X Results

e

the file x

Tasker Client

Model independent
Executes OS-based commands delivered by M T



Cluster

ing

MUSE Parallel Computi

NI

M




Beneficial |mpactsof PC-Based Super MUSEINg

v SuperMUSE is scalable from 2 to 1000* PCs.
v" Supports Windows or Linux based modeling systems.

v Solves “embarrassingly parallel” computing problems.

v A local solution > empowers model developers and users.

v Simple, inexpensive, can be built/operated by PC novices.

v |deal for debugging models and performing UA/SA.

v For an average model runtime of 2 minutes, ERD’s
SuperMUSE can run over 3 million simulations/month.




SMRA Version 1.x
Toolsto Support UA/SA

...Includes both model dependent and model independent tools




Super computing Softwar e System Needs

Facilitating
Distribution of
Wor kloads Among PCs

*CPU Allocator v
Model Tasker v/
eTasker Client v/
Client Monitor v

Managing files
and Data Across PCs

e Update Client v/
 Command Tasker v/

* Process Messages v/

* ELP1 Client Collectors
*Aggregated v/
*Disaggregated

Facilitating 3M RA-
Specific Data Analysis

« Site Visualization v/ * Aggr. ELP2Visv/
« Site SuUmmary v/ » Automated UA/SA Tools

- Aggr. MySQL ELP1v  * Disaggregated ELP1

- Aggr. MySQL ELPLy  * Disaggregated ELP2
* Enhanced SUI




Example: Server—Side Update
Client Tool User Interface

23 Editing E:hutils', HwirRunBat.bat =10] =|
File  Help

Execute Imvert Selection
rerm Mow processing %n = IWinEIE "I

knpﬁ; EALtils\HwirParallehjreClientFilesirun.h

IZI‘IEI‘IF'rn:ug [Eewer] WlnNT Fo erEdge E#IZIEI =} Ihww*ljn 2 Dlsl-:s 4 CPUs
. ] ¢ i), C

0104,
0108,
o107,

II1I

- D11E,WWHQI]HNHUU,HPHPI c Mhwir), 1 D CPLg
4 | b 4 M




Use of Super MUSE and SMRA Version 1.x

Allocation of SuperMUSE Capacity To Datefor
3MRA Modeding System Evaluation Tasking

3%

O 3MRA Verson 1.0 Sysem-Level Quality Assurance Testing
B 3MRA Verson 1.x System-Level Quality Assurance Testing
O3MRA Verson 1.0 Uncertainty Anaysis




M odel Evaluation
Approaches

...leading to an overall statement of quality assurance in
design for a specific intended purpose
(Beck et al, 1997)




Classes and Types of Uncertainty

General Classes of Uncertainty
Variability (V)
Empirical Uncertainty (U)

Model Error (ME)
Types of Empirical Uncertainty

Random Error (RE)
Systematic Error (SE)
Sample Measurement Error (SME; see RE, SE)
Input Sampling Error (1SE; see RE)
Output Sampling Error (OSE; see RE)

| nherent randomness

Correlation

Disagreement




Performance Uncertainty Analysis (UA )

.. .describing potential differences between model predictions and nature.

Uncertainty due to lack of knowledge and data.....

Analysis Approach - given uncertainty in
both models and their inputs, quantify/qualify
uncertainty in model output(s).



Variability for agiven redlization Uncertainty for a given member

of uncertainties

RI Sk — f(V , U) (site) of the population

A
A

m samples from vector V of M n samples from vector U of N
inputs with variability inputs with uncertainty

Monte Carlo Simulation

M input frequency distributions J t N input probability distributions

7\ dependenci es/’/‘v

(adapted from Rhodes and Frey, 1996)

2-Stage
Monte
Carlo....

Separating
uncertainty

and
variability
IN output
predictions.




% Sites Protected

3MRA Exit Level Uncertainty

==@==50% Probability H
e 05% Probability H
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85

80

98% Conf. Level
Protection Measure
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~
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95% site protection
99% population protection
within 2000m radial distance.

Exit Levd

95% Probability H represents the

CDF of variability in this X
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-
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Input
uncertainty

\J

~
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N
~
)
N
)
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with | SE

0.1

1 10 - 100
Waste Stream Concentration (ug/Q)

| L 1 1 1141
A )

and RME

1000



Sengitivity Analysis (SA):
....astudy of how the uncertainty in output of an

analytical or numerical model can be apportioned to
different sources of uncertainty in the model input.

A. Saltelli

|nput Space Assessment Techniques

L ocal

worksintensely around a

specific set of input values
(i.e., the local condition)

Global

quick and simplistic, quantifiesscale_& shgpe
ranksinput variables 2 of the 1/O relationsnip;

and ignoresinteractions all input ranges; assesses
between variables parameter interaction




Components of Model Evaluation.

(a.k.a., Verification, Validation, and Predictive Uncertainty Analysis)

Components of Model Evaluation

Uncertainty (U)
Variability (V)
Total Uncertainty (TU)

Compositional Uncertainty Analysis (UA )

Performance Uncertainty Analysis (UA ;= UA)
Sensitivity Analysis (SA)
Calibration (CAL)

Code Verification (CodVer)

Model Comparison (ModComp)
Compositiona Validity (CompVal)

Performance Validity (PerfVal)
Model Validation (ModVal)

Peer review




.

2. Propagation of empirical uncertainty U can Qual Ity Assurance In Desi gn
address ISE, SME (SE, RE), and ME type errors. E—

annulus represent possible analysis activities.

i . .

| Model Synthesis and Analysis Realm

|

: Task Specification & Input

| Construction (U, V or U|V) § \

|

- E

i @ -_C_ode_ -Mod_el

| Y Verification g Comparison

|

3 g

! D Compositional ﬁ Performance \ .yap
E o Uncertainty & Uncertainty &
B Validation o Validation

| =

E *Model  *Model Error é_ *Case Study (empirical)
i Comparison  Analysis ) Perfor mance Testing
i

i —

1, Model evaluation components within each

!

|

|

|

|

i

i

: Simulation precision (OSE) handled in UAp m%?jeel |
4. Variability and uncertainty can be distinguished. W j




Sengitivity-Analysis-Based Perfor mance
Validation (SA))

.. .assessing and describing the behavioral and non-behavioral
characteristics of the modeling system.

A specific construction of performance
validation as a reflection, by way of sensitivity
analysis, of the evaluation of the external
definition of the current task back onto the
Internal composition of the model.



M odel Evaluation:
Summary Per spective

Model evaluation Is seen as a statement of quality
assurance in design (i.e., tool or technology):

.....aresult of the model synthesis and analysis effort,

.....viewed as the outcome of the overall model
validation effort for the specific task defined.



3SMRA Version 1.0
UA/SA Plan

.......... for the national-scale assessment problem statement




SMRA UA/SA Plan

Performance uncertainty analysis (UA )
Sensgitivity analysis (SA)
Sensitivity-based Performance Validation (SA )

/ Chemicals:
« Benzene,

PCE,

2,3,7,8-TCDD,

Benzo(a)pyrene,

Arsenic,

Nickel, and

Divalent Mercury.



3MRA UA/SA Plan (UA))

Performance Uncertainty Analysis.

o Entails propagation of input uncertainty through the

modeling system, while also addressing output sampling
error (OSE) associated with computational limitations of

the sampling-based M CS strategy.

0 Uses a pseudo 2"d-order analysisto separate variability
and empirical input uncertainty, while quantifying OSE.



SMRA UA/SA Plan (SA)
Sengitivity Analysis:

o0 A balanced, tiered formulation of SA is planned for

Identifying key, important, and redundant model inputs.
The basic approach to be undertaken is global input
space assessment via sampling-based methods.

0 SA to beconducted for this purpose will enhance both

compositional and performance validation aspects for the
modeling system.

o Will include global based SA techniques:
Correlation /Regression
Regional Sengitivity Analysis (RSA)
Tree Structured Density Estimation (TSDE)



3MRA UA/SA Plan (SA))
SA-based Performance Validation:

0 Basically an assessment of a “prior” validity through

the execution of a regional senditivity analysis (RSA)
procedure, realized as an assessment of the model’s

maximum relevancy in predicting model behavior for
various population percentiles.

o Will investigate higher order interactionsvia T SDE.



Example SMRA Version 1.x
Output:
/9 National Realizations




Risk Endpoint Description Scenario
ScenarioID 1 2
% Population Protected 99% 95%
% Sites Protected 95% 95%
Protective? More Less
Human
Distance (m) 500 2000
Cancer Risk 10° 10°
Hazard Risk 0.1 1
Pathway Suming. & Inh.
Receptor Group All
Cohort Group All
Ecological
Ring Distance (m) 2000 2000
Hazard Risk 1 1
By Ring and Habitat Group Terr., Ag., Wetland
Simulation
Sources/Chemicals/Cws 5/7/5
Sites/sources 419
# National Realizations 79
# Modeling System Runs 1,158,535

Example
Simulation
Experiment



Simulated 7 Chemicals & Metals

CASID

127-18-4
71-43-2
1746-01-6
50-32-8
7440-38-2
7440-02-0
7439-97-6

Chemical Name

PCE

Benzene
2,3,7,8-TCDD
Benzo(a)pyrene
Arsenic

Nickel

Dival. Mecury

Carcinogenic

Human

Non- Carcinogenic

Inhalation Ingestion

>
@

P

NN SAKS
DN N NN

| nhalation

v

| ngestion
v

SNSS S

Ecological

NN N

@ Additive Risk
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Ecolegical Measure: By Fing and Ecological Measure: By Eing and Ecolegical Measure: By Fing and Ecological Mexsure: By Fing and Ecological hleasure: By Ring and Ecological Measure: By Bing and
Fox: =2000m For: <2000 Fox: =2000m For: <2000 For: =2000m Fox: <2000
And : temestrial And : aquatic And : wretland And : temestrial And : aquatic And : wretland
Edo. Togger Levd: 1.0 Eco. Tdgser Leve: 1.0 Edo. Tdgger Levd: 1.0 Eco. Tdgser Leve: 1.0 Eco. Tdgger Levd: 1.0 Eco. Tdgger Levd: 1.0
Edo. Pop. Prot. %45 99 Eco. Pop. Prot. %%: 99 Edo. Pop. Prot. %h: 99 Eco. Pop. Prot. %0 95 Eco. Pop. Prot. %6 95 Eco. Fop. Prot. %h: 95
Eqo. Prot. % of Sibes im US: 95 Eco. Prot. % of Sibes in US: 25 Eqo. Prot. % of Sibes in US: 95 Eco. Prot. % of Sibes in 175 95 Eco. Prot. % of Sibes In U5 95 Eco. Prot. %o of Sibes in U5 95
Cwr 2023 Cwr 2523 Cwr 2523 Cwr: 1000, Crwar 1000 Cwr: 1000,
Eick Sim of Bz, Fick S of By, Eick Sum of B Fick S of B, Rick Sim of B, Rick Som of
Cwr 1338 Cwr 1338 Cwr 1338 Crwr 1000, Cor 1000, Cr: 1000,
Fick Sim of Bah. Fisk S of B, Fick Sin of Bah. Fick S of B, Fick Siom of Bnb. Fick Sum of Bah.
- - " [ — . - - " A - = -
||
|2j Daone | | | |_§] My Computer

i Sta| | @ ustin .. | B Explori.. | B)810.do.| 5] Explori.. | B wiardP..| @ussa_ | B)27Pa..| Blever. | M)fan. [[Echs.. | Mol 590 BISE 411 r




Example Exit Level Results

2 Scenarios- 7 Chemicals

(Example, Preliminary Summary)

Surface Land

source Type Ging e Aerated Tank ﬂpp[]il;;unn Waste Pile Landfill

# Sites Fsraluated 137 137 28 fal S

Total Sirmlations T8 E0S ATEES 17420 16E A6S 154 240

50" Percentile (Average) Exit Level (ppm)

Chemical/Scenario 1 | 2 | 1 [ 2 [ 1 | 2 | 1 | 2 | 1 | 2
| FCE 056 100* | f.5 100* | 42 ag0n0#* | 4573 S000#* | TIa a000#*

Bernzene 013 o+ | 1.5 o* | 21 1aao* | &1 toao* | 109 1000*

Benzola)pyrene g.ooi*  0001* oooi* oool*  1.O* 1.0* LA LA Fell R
|2,3,?,E-TCDD | 2AE-T [EIE-&t] TEAE | T E A | 14E-6 16E-3 |2.5E—-’-1 0.001 | 0.001 0.004
| Arserac | 0055 21 a0 s+ | 0004 053 3.0 18 1.2 208
| Hickel 11 1ooo® 1000+ - 1000* | ad 127 | 352 10000% | 444 10000*
| Drvalent Ilercury 0.1* B:L* B=1% 01* | 042 22 | 10 107 10°* 10

Scenario 1 = more protective
Scenario 2 = less protective

* Shows max Cw analyzed in experiment



Dominant Human Pathways, Human
Receptors, and Ecological Habitats

(Example, Preliminary Summary)

: Dominant Surface Land Application :
Chemical RiskRoute | Impoundment | AeTated Tank i Waste Pile Landfill
Srenario 1 [ 2 1 2 1 [ 2 1 o 1 i
PCE HEameer Cr,Wa Crop Crop Crop | Water Crop Crop Crop Crop Crop
Ing Fai,Fi  Fa3Fi iz Fi | 3, FaFi| G REFi i, Fi i FLE. | G.FiFa | FaG.Fi FaiFi
Benzene | sl Air,Cr | Air,Cr | Air,Cr | Air,Cr | Air, Sh Air Show. Air Show. Air
Inh, Ing g FLR  GJFLE | GFLR. | GFLE | GFLE | G,FLR FLE.G FiBE.G | G3,FLR &l
Benzofajpyrens | Low Risk | Cr, Beef - - - Crop o Crop o BfCr -
231 8- TCDD | H**™<, Eco Air Air Air e Air Eco Fi,Cr,Air Eco Eco Eco
Inh. Bf, Cith. - Al Ter, by Fi5 R Wet. Ter by Terbyg
L& rsenic HE*™<" Eco | Water Eco Wa,Cr Wa,Cr Eco Water Eco
Ing. Fi Ter. 3 FLR | &g, Ter | G FLR Wet. & by
Mickel HE+=24 Eco | Water - s a2 Water Exo Water Exo Water Eco
Ing. Fisher BGF1 Terhg B F1 Wet. FaFi1  Ag,Ter
Hg? 1§ it £ - = 2 Fish Fish Fish Fish Eco Eco

| | Ing. | | Fisher = Fisher | Fisher Fisher | Ter&g Terlyg




